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I INTRODUCTION 
The importance of alfalfa to Oklahoma agriculture is reflected in 
the increasing acreage within the state and this crop's large contri­
bution to the farm cash income (1).
1 Problems of soil fertility and
management are basic to successful establishment and maintenance of 
this perennial le_gume. The high plant nutrient requirements of alfal­
fa are well recognized (2). 
A comprehensive research study has been initiated at the Pklahoma 
Agricultural Experiment Station concerning the soil fertility require­
ments for alfalfa grown on representative soil types within the state. 
The study herein reported had the objective of 4eterrnining the effects 
of various soil fertility treatments on the yield and composition of 
alfalfa on Waynesboro loam and Port loam soils. Studies included poth 
field and greenhouse experiments concerned with differential fertilizer 
treatments of phosphorus, potassium, boron, mangijnese and sulfur. 
1F�gures in parenthesis refer to literature cited. 
l 
II · REVIE,W OF LI�TUBE 
Alfalfa is tolerant. to a w�de range of soil conditions (19).
However, different responses to management and fertility practices are 
frequently encountered., on various soils, in different climatic regions. 
Tqis crop has _high re\u�ents for calcium and magnesium and apparently' 
requires a soil pH of 6.$ or higher for best growth (3).. Woodhouse (52) ., 
·it1. North Carolina, conelu�ed from experiments that the t:ime, and method
of application were more impor�nt than the rate of applieatio� of lime.
Beist results were obta�d by mixing the lime in the plow layer before
planting.
Schmahl, et al. (4'2)- studied. tb.e influence of soil acidity on the
absorption,of calcium by .alf!ilfa using radio-c�leium. They reported the 
rate of absorption of calcium by alfalfa was markedly reduced in 'the pres­
ence of aluminum ions and to a lesser degree ., manganese and hydr�geri ions 
in the nutrient solution. The law calcium. content usually observed in 
I . . . . . . I 
plants. grown on an acid soil may- be due to the antagonistic effect of alu-
\. 
. 
minum,_manganese., and hydrogen ions on the ab�orption of calcium ions 
rather than the low supply of calcium in the soil. 
Winter survival of al:tallf� is closely· related to soil fertility. 
Wang, et al.- (50) foll¢ that ill most cases, the addi�ions o.f l:bae or lime 
and o�er :f;ertilizers. dlncreased the water retention of alfalfa· by increas-
- ' . 
ing the wa�r soluble pJtotein content of the plant. This, ca�city for 
retention.of' water appears to be directly related to the ability of alfalfa
to withstand winter killing. 
, Hunter (22) found no relationship between the -0alcium - magnesium 
ratio and yield.:· Variations in the calcium: ... magnesium ratio ranged 
3 
from 1-4 to 32-1, v�lues,both higher and lower than those nonnally found 
in soils. 
Alfalfa uses relatively large amounts of phosphorus. Only a part 
of the phosphorus fertilizers added to the soil as available pho�phorus 
is used by the plant ( 30). Nielson (Ji), reporting on work done in Utah.,
indicates that time of application of phosphate is not critical •. Fall 
applications appear to be equally effective as spring treatments. Burn-
ing may result if there is an appreciable amount of vegetative growth. 
Woodhouse (52) found that alfalfa has a high requirement for phosphorus 
during the time it is becoming established. 
A residual effect can be expected from appiications of phosphate. 
Several investigators (11), (27) have shown that the residual effect of 
rock phosphate may last for several years, while superphosphate may not 
have as mu.ch residual effect. Larson., et al. (23) found that yields of 
oats and alfalfa were markedly increased by phosphate fertilizer·. Fo'r 
the first two crop yields, the yields followed a curve of d:im:uiishing 
returns. Later, howev�r, the first increment of 30 pounds of P205 per 
.acre became ineffective. During the first tw0 years of the experiment 
a corresponding increase in phosphorus in the plant to the phosphate·· 
applied was found. 
Dennis and Chesnin (10) reported phosphate treatments increased• 
the yield and influenced the composition of alfalfa on four Eastenr 
Nebraska soils. The total nitrogen., phosphorus, and magnes'iumuptake 
was increased with phosphate applications. ·Ph.osphate tended to decrease 
the uptake of calcium. Hunter (22) concluded that the level of available 
phosphorus in the soil was the most important factor affect:ingr the· 
phosphorus content on alfalfa. 
4 
Seay., et al. (44) ·found a line�r relationship between the percent­
age of potassium contained :Ln the alfalfa and the logarithm ef the num-
ber of pounds of exchangeable potassium. per acre in the soil on which 
the crop was grown. .Alfal.fa tends to consllllle potassium in excessive 
amount$ known as luxury- consmn.ption. Brown, et al. (7) ., in studies of 
potassium- and .,boron fertilization of alfalfa on some Connecticut soils.,
found that large applications of K2o, before pl�nting., produced alfalfa
with a high potassium content and low calcium ce>ntent the first re·ar.,
but tliis was reversed the third year. This treatment also ·resulted in 
poorer stands than where the treatments were divided into annual or more 
frequent applications. All treatments increased yie-lds. WoGdbouse (52) 
.i'ound that- applications of petassium aided in stand mainte�ance of alf�a 
and decreased the number- of weeds over the plots receiving :no potash.. 
Chandler, et al. (8) founcli the potassium content of alfalfa to be a 
reliable criteria for predicting the need of potassium fertilization ,of 
alfalfa. When the potassi'lllll content of the alfalfa at the ear;Ly bloo:in, 
stage was less than 1.25 percent a profitable yield response usually 
resulted from fertilizer applications. When potassium content was ov'er 
1.25 percent, there was seldom any response to potassium fert:i.l.ization. 
These worlrers proposed the critical level of the soil to be ao· pounds of 
exehang�able· potassium per acre. 
For y�ars fertility �tudies have had to do with nitrogen,:pho�phorus, 
potassium, and l:i.me. In many in.stances, the trace elements are the first 
limiting factor (?5), (2), (20). Boron has been studied to a greater 
extent than any of the traee elements (2). 
' .:. 
5 
The "eJa;ict function -·Of .. borer,. in plants is not · known�- The con:cen-· 
tration .range between -�the" m.in�t;.a _amount, necessaq· for plant grolitth. and 
that which is toxic is rela ti vety narrow. · Wolff ( 51) found that ap.Pl.,i­




cies in:· cauliflower, but 20 pound applica_t-ions resulted in toxicity to 
the plants. Muhr (32) 01?taf:Iled yield increases in soybeans with· applica­
tions of boron until the boron content of · the plant reached 30 p.p.m. on 
a � weight basis. Toxic effects- were obtained when the boron content 
exceeded 50-60 p.p.m. 
According to .Stinson (4.7). there apparently" is a positive relation­
ship between maturitylf productivity level, -and �ater-soluble bor�n of 
soiJ.s. He found boron to be an aid in cell division, especially in young,
rapidly growing tissu,. Therefore, a sha:rp reduction in available boron 
in the soil may result in deficiency symptoms at the regions of cell divi ... 
sion or terminal parts of .the plants. Brown et al. (6) decreased boron 
deficiency symptoms anti .. :increased £lowering of alfalfa by additions of 
borax, but yields w�re not, -effected. Dawson and Gustafson ( 9) found _that 
boron deficiency symptoms appeared be.fore yields were reduced py the ·
deficiency. They gave as criteria for determining the need for boro� 
fertiliza.tJ9n:- (�) critical wate:i;--soluble boron content of soil was .35
micro-gram per gram of air-dr.r soil.- (b) 20 micro-gram of boron per 
_ gram of oven-dry hay. 
Although much work has been done on the study of the relationship 
between boron availability and soil conditions, littl.e·· is known about the 
activity of this element in the so:U... The soil conditions that have re-
ceived considerable attention are: moisture content, ·soiJ. reaction, or-
ganic matter content, biological activity., nutrient balance and isomorphous 
subs ti tu tion. 
Brown and King (6), w-0rking with a glacial till soil in Connect­
icut, found two soil conditions under which boron deficiency was most 
likely to occur. These are: low ,moisture content and an alkaline re­
action. Dregne and Powers .(14.t concluded that the duration of treat­
ment of the soil with boron fertilizers would vary with the climate, 
soil, crop yield, rate of application and other factors. 
6 
Parks and Shaw (39), and Dregne and Powers (14) reported deficiency 
symptoms in plants sensitive to boron shortages are much more pronounced 
in dry seasons than in seasons with adequate rainfall. Brown and King 
(6) reported that boron deficiency was due to a very dry season. Dregne
and Powers (14) found that irrigation increased the boron content of 
alfalfa, probably by increasing its availability or liberation, 
Calcium and magnesi'!ml form insoluble borates at a high pH but not 
in a soil with an acid reaction. Midgeley and Dunklee (31) found that, 
in general, the ability of soils to .fix boron was dependent on. the degree 
of acidity and extent to which they were limed. Naftel (34) f91:].Ild that 
liming decreased the water,.;soluble boron content of the soils directly 
in proportion with the amount of lime applied. Parks and Shaw (39) 
found boron fixation to be favored by reactions above neutrality., Lynd 
and Turk (24) found that overliming injury was not prevented or corrected 
b� the addition of boron to the soil. 
Nutrient balance., especially concerning calcium and magnesium., is 
closely associated with soil reaction and boron :fixation. Muhr (32) · 
reduced the boron content of soybeans by additions of carbonates and 
sulfates of calcium and magnesium, even on soils receiving excessive 
amounts of borax. Applications of sodium carbonate and sodium sulfate 
had no effect upon the boron content of the plant. Drake, et al. (13) 
7 
found that boron deficiency was due to the calciUlll boron ratio and not 
to the acti� calcium in the soil. 
Ex:per:i.ments indicate that boron contained in tl;.e plant residue be­
come,s available to plants as the material is'decomposed (38). Berger 
. 
' 
and Truog (4) found that the organic matter content of the soil exerted 
a greater influence on boron availability in acid soils than did pH. 
However, the reverse was true for soils of an alkaline :reaction. Drake.,
et.al. (13) stated that boron is not absorbed by the humus complexes. 
Prel:iminary studies with soil cultures in the incupator (35), (36) 
showed that the water-soluble boron was much higher in sterilized cul­
tures than in s:imilar cultures not sterilized.. Midgley and Dunklee (31) 
stated that the available evidence definitely indicates that borate fix:a-
tion in soils is chemical rather than biological in nature. 
Parks and Shaw (39) point out the possibility of boron substitut.ing
for altnninUlll in alumina-silicates. This, however., would result· in a less 
stable particle because the boron ion is 'no.t as large as the aluminum ion 
. and would not be held as fir:ml.y. They also point out that the presence 
of calciUl'll. ions, among the other factors, tends to increase the boron 
content of precipitates of silicon and alum:inum. This lends support to 
the possibility that boron enters, in small amounts, into complexes of 
ea.lci1.ll1l. alumino-silicate products. 
Manganese deficiency commonly occurs on soils of high pH and of high 
organic matter content (18). Lynd and Turk (24) found that with increasing 
rates of l:ime there was a marked decrease in exchangable manganese. Garey 
and Barber (18) found evidence that oxidation of forms of sulfur or acid 
production are important for manganese to become available from unavail­
able forms. Vavra and Fredrick (49) found that oxidation of elemental 
suJ.tur or sodium-thiosulfate applied to the soil resulted in a release 
of· soluble manganese accompanied by a lowering of pH. They also found 
that addition of calcium, carbonate caused a decrease in the amount of 
·. 
j '.' ( 
soluble manganese released., althougµ. the amount, of sulfate fo1"9d was· 
8 
not ellanged significantly'. Evans an
d 
Purvis (1{>) found that., �der. 
treatments of manganese sulfate, chloroais in plants began to p.isappear·, 
within three days after application. Treated plots gave a yield in­
crease of 87 percent over u_nt,.reated plots. 'Pl.4nt analysis frQlll the plOUL 
showed the iron/manganese ratio . was, very �ide c;m the untreated plots. 
They po.int out the possibility that the chloro�is was 'due to � iron tox­
�ity which was counteracted by the :manganese. 
Haddo.ck . .and Y�ve� (20) ., using two Western. Wa$hington ·soils .,
received none · to, .slight yield reponse from manganese £E1.rtiliza t;ton.. · Sul­
fur .appeared to be the first limiting element on these soils. Bear (3) 
reported a marked increase in.yield$ of crops, especial:cy, leg�es, has 
been obtained by additions of suli'ur fertilizers :in many areas of the 
United States. Bear (2) also points out that sulfur is supplied in suf­
ficient quantities by plant material and rainfall in most areas especial­
:cy, around industr.ial centers. 
Investigations have.shown that.ali'alfa.requires high fertility for 
good yields. ·.Lime should'.be a.ppl�d to soils with a low pH. Best results
were obtained by mixing the lime with the plow layer of the soil., Absorp ... 
tion of calcium may be related to t}le presence of aluminum iom; and also 
to manganese or _hydrogen ions-•. 
Winter ·hardiness and stand maintenance of alfali'a are olosely' related 
to soil fertility. Additions of lime- and other fertilizers a:i.q. alfali'a. in 
withstanding the low temperatures of Northem United Statef by increasing 
the water-soluble protein content in the plant. 
Phospha� f--ertilizer treatments increas.e the uptake of nitrogen, 
pho.sphoru:s and magnesium., while .at ..tb.e.-$am.e. -.t:ime .ea.1,cium uptake is de­
creased. 
Large applications of potash are depleted rather rapidly. Applica­
tions of K2o should be made for annual or shorter periods o.f consumption. 
The critical level of exchangeable potassium in the soil is approximately 
80 pounds per acre. Response to K2o fertilizer may be expected :ii' the
potasij1.um content of the plants is less than 1. 25 percent at the early 
bloom stage. 
Boron deficiency symptoms occur before a significant yield decrease 
is found. Applications of borax to boron deficient soil will d.ec.rease 
boron deficiency symptoms and induce flowering. Boron de£iciencies com­
monly occur on heavily limed soil or sandy textured soil. The moisture 
content o.f' the soil is related to the availability of boron� dry soils 
tending to .reduce the amount of ava)1able boron. 
· Sulfur is the first limiting element in some of the Western. Wash:lng ...
ton soils but is not commonly thought to be lacking in the Mid-West or 
Southwest. 
Soils most likely to be deficient in �ang;anese are of' high pH. Man­
ganese is closely associated with iron. A\....t0;it;icity from iron may re�ult 
in a manganese deficiency. Large yield inc:re,ses may be obtained o� man­
ganese deficient soils by additions of manganqus sulfateo 
III SOILS USED IN THE GREENHOUSE EXPERJMEN'l'[ 
The soils used in this experiment were Port loam and Waynesboro 
loam. Some physical and chemical characteristics of the �oils are 
shown in Table 1. The Port loam was chosen because it is represent­
ative of the deep, well drained, medium textured soils conµnonly used 
for alfalfa production\in central Oklahoma. +he Waynesboro was se­
lected from an area where previous investigation (33) had shown a 
response to boron fertilization. 
Port Loam 
10 
A bulk sample from the plow layer, 0-6 11 depth, of Port loam soil 
was taken from the Thomas fann about 2} miles east of Stillwater, 
Payne County, Oklahoma. The approximate location of the sampling site 
was 500 yards south and 100 yards east of the northwest corner of the 
farm which is located in the NW! NE! Sec. 20.,, Twp. 19N; R JE. , 
This soil was formed from parent material of alluvial origin and 
is located on an occasionally inundated flood plain. This soil has a 
brown loam topsoil about 16 inc
h
es in depth; it has a medium granular 
structure and friable consistence over calcareous reddish brown mater­
ial. A detailed description of this soil series is found in the :Manual 
of Soil Series of Oklahoma (26). 
The land from which this soil was taken, had been in continuous 
corn since 1948 and had not received any lime dur:µig that time. This 
may account for the low pH, shown in Table l. 
11 
Waynesboro Imµn 
A bulk sample from the plow layer, 0-6 11 depth., of Waynesboro loam 
soil was taken from the Southeastern Oklahoma Soil. Improvement Station 
which is located about 2f miles north of Heavener, LeFlore County, Okla-
homa. The sampling location was about 150 yards west --and 100 yards south 
of the Community Building located in the Nf NW:t, Sec. 7 ., Twp. 5N; R 
26E. 
A detailed description of this soil may be found in the Report of 
Soil Survey (17). 11 In general this soil has a brown loam surface five to 
eight inches in depth over a yellowish-red clay loam subsoil which is. 
mottled with red in the lower part and becomes brownish and streaked with 
gray at about four feet. The material i� clay loam and contains occasional 
pebbles to at least eight feet, the greatest depth sampled. Ih some pro­
files thick pebble layers are found at depths as shallow as 24 i inches. 11 (1)
Results of some chemical and physical analyses of these t�o soils are 
presented in Table 1. Mechanical analysis was made by the hydrometer 
method essentially as presented by Bouyo�cos (5). Available phosphorus 
was determined by leaching with .1 normal acetic acid essentially as 
proposed by HaJ;'J)er (21). Exchange capacity and exchangable potassium were 
determined essentially by the procedures presented by A.O.A.C. (28), using 
neutral normal ammonium acetate as the extracting agent. Total nitrogen 
was determined by a modification of the Kjeldahl method (41). The per-
centage organic matter was determined by the procedure outlined by Schollen-
berger (43). Soil reaction was determined by the method presented by Peech 
and English (4o), using the Beckman glass-electrode potentiometer. 
(1) Taken from Galloway (17). 
Table l. Some physical and chemical characterjstics 




. percent clay 
Reaction (pH) 
Percent organic matter 
Percent �itrogen 
Available phos.phorus 
(pounds per acre) 
Exchangeable potassium 
(pound.e per acre) 
























IV EXPERIMENTAL PROCEDURE 
Field Experiments 
The field experiments reported in this study were conducted on 
two contras.ting soil types� f Port loam and a Waynesboro loam._ 
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The plots on the port loam were located Ol'). the Thomas farm, about 
2! miles east �f Stillwater, Payne County, Oklehoma, on State-Highway 
51, in the NWl NW-i Sec. �o, fWP• 19N;. R,.3E.. Th� experiment was 
started on an established stand of alfalfa in February of 1955. and 
included annual applications �f the following treatments: 
P1 = 40 pounds P205 per acr_e as Treblesuperphosphate (45%)
P2 = 80 pounds P2 05 per acre as Treblesuperphosphate (45%)
K1 = 100 pounds K2o per acre as KCl (60%)
K2 = 200 pounds K20 per acre as KCl (60%) 
B = 40 pounds borax per acre (11.3% B) 
The plots were laid out as a complete factorial design having all 
possible combinations of the above treatments with three replications. 
Three hay cuttmgs were obtained in 1955 and yields are presented in · 
Table 25. 
The fertility studies on the Waynesboro loam were conducted at the 
Southeastern Oklahoma Soil Improvement Station located about 2} miles 
north of Heavener, LeFlore County, Oklahoma. This experiment was estab­
lished in September, 1953, as a randomized block, split-plot design with 
three replications and included the following tr�atments: 
R1 = 750 pounds rock phosphate (33%- total P205) per acre
� = 1500 pounds rock phosphate (33% P205) per acre 
Pl= 250 pounds super phosphate (20% P205) per acre
P2 = 500 pounds super phosphate (
20% P205) per acre
Kl= 100 pounds KCl (60% K2o) per acre
B = 40 pounds borax (ll.3% B) per acre 
Mg= 400 pounds magnesium sulfate (9.87% Mg) per acre 
S = 50 pounds sulfur per acre 
B�S = All the above three trace elements 
The rock phosphate was applied once, at the time of establishment. 
All other treatments were applied at the time of establishment and annu­
ally thereafter. Yields were not taken during 1954 due to an uneven 
stand and a large number of volunteer plan ts in the plots. Three hay 
cuttings were obtained in 1955, yields are presented in Table 26. 
Greenhouse Experiment 
The objective of the greenhouse experiment was to determine the 
effects of two phosphorus and potassium levels, with and without, boron, 
manganese, sulfur, and a mixture of these latter three elements on the 
yield and chemical composition of alfalfa grown on two soil types, 
The soils were collected from the field, screened through ·a i inch 
screen and air-dried. Both soils were limed at the rate of four tons 
o:f lime per acre. The liming material consisted of 85% C.P. grade cal­
cium. carbonate ( CaC03) and 15% C.P. grade magnesium. carbonate (MgC03) • 
Eight kilograms of limed soil :from each soil type were weighed :into 
a sufficient number of bvo-gallon, glazed, earthenware pots to enable 
all treatments to be made :in triplicate. There were three replications 
on each soU of each of the twenty treatments, making a total of 120 pots. 






K1 = 200 pounds K20 per acre as KCl ( C.P.)
P1 = 400 pounds P205 per acre as Ca(H2Po4)2 ·H2o (C.P.)
B • 50 pounds boron per acre as H3Bo4(C�P.)
Mn = 50 pounds manganese per acre as MnS04•H20 (C.P.) 
S • 100 pounds sulfur per acre as flowers of sulfur 
BMnS • Mixture of the three trac� 'elements. 
ill elements ., excepting sulfur., were.· applied in solution. 
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The soils were planted to certi£ied Buffalo a1fal.f'a, Medicago 
sativa, October 7 ., 1955. Before planting., the seeds were allowed to 
soak for a period of 26 hours in a mixture of innoculum., Rhizobium spe­
cies, and water. The seeds were planted in oircular rows within each 
pot and covered to a depth. oft :inch. Following germination, the num­
ber of seedling plants was adjusted to 10 per pot •. , 
· The first cutting was harvested March 12 1 19$6. Subsequent cut­
tings were harvested April 7, 1956, and May 12 ., 1956. 'lhe plant mate­
rial was dried in the oven at 6S0c. and weighedJ then ground for later 
chemical analyses. Yields frC111 the Port loam soil are presented in 
Table 7. Yields :·rom the Waynesboro loam soil are presented :l.n Table 
15. 
Chemical determinations made on the plant material included total 
nitrogen., phosphoru�, and potassitun. Nitrogen was determined by the 
Kjeldahl method (41) and 'results aI'e presen'tf3d in Table 9 ,nd 17,. The 
plant materials were prepared for phosphorus and potassium analyses by 
,· 
16 
using a modification of the nitric-perchloric wet digestion method as 
outlined by Piper (41). Phosphorus was determined by developing phos­
phomolybdenum blue with hydrazine sulfate essentially acc9rd.ing to 
Piper (41). Results are presented in Tables 11 and 19. Potassium was 
detennined by use of the Perkin-Elmer Flame Photometer essentially ac­
cord.ing to the method of Piper (41). Results are presented in Tables 
13 and 21. 
Statistical Analysis 
Alfalfa hay yields and chemical composition were subjected to 
statistical analysis to aid in interpreting the data. 
Data were subjected to analysis of variance according to Snedecor 
(45) to detennine significant differences. Coefficient of variation
and standard error of mean were detennined according to Snedecor (45). 
Where differences occured in the ana1ysis of variance, a Multiple Range 
test was made on the data using the standard error of the mean according 
to Duncan (15). 
17 
V RESULTS AND DISCUSSION
This study was_concerned with alfalfa hay yield and composition 
as affected by various soil fertility treatments on two different soils. 
Results were obtained/1from two field experiments and a greenhouse exper-
iment. 
Field Experiments 
Port loa,Tl. Yields fro;rn three alfalfa hay cuttings during 1955 from 
this experiment are shown in Tables 2 and 25.' Analysis of variance and 
coefficient of variation are shown in Table 3 ., and a Multiple Range test 
is shqwn in Table 4. Lowest total yield, 4098 pounds per acre, was ob� 
tained from the check (no treatment) plotso Highest total yield., ·5070 
po'Wl.ds per acre., was obtained with the _P2K1 treatmento Ana�vsis of vari­
ance indicated significance between fertilizer treatments at the 5 per­
cent probability level. '!here was a significant linear response., at the 
5 percent level., to phosphor-us fertilization at the thret: rates used. A 
quadratic response to potassium fertilization is indicated at the three 
rates ·used although response was not significant. There was no si.gnifi-
cant interaction between the various �ertility treatments including boron. 
Waynesboro · loam. Three alfalfa ha.y cuttings were taken from this 
field experiment in 1955 and yields are shown in Tables 5 and 26. The 
lowest total yield, 627 pounds per acre, was obtained from the P2 plots.
Highest total yield., 2633 pounds per acre ., was obtained from tpe %_P1MgK
treatment. The analysis of variance, Table 6, indicated a significant 
Table 2. Effect of various soil fertility treatments on 
yield of alfalfa hay in the field exper:iment, 
Port loam, Thomas farm, Stillwater, 1955. 
Pounds of hay per acre at cutting date.* 
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* Yield figures are the mean 0£ three replications.
-1Ht- Treatment symbols ares
C�eck • no fertilizer 
Pi • 40 pounds P20� (o-45-o) per acre
P2 • Bo pounds P2CJ5 (0-45-o) per acre
;l • 100 pounds K2o (KCl) per acre





















Table 3. Sununary of analysis of variance, treatment breakdown, 
coefficient of variation, and standard error of meanij 
for alfalfa hay yiel4
3 
field experiment, Port loam\1) 
Analysis · of Variance 
Source df ,ss MS 
Total 53 8128.26 
Replications 2 3050.03 152500150 
T:rea tments 17 2740026 161.1918 
Error 34 2337 .97 68.7638 
Treatment breakdown 
Source df SS MS 
p 2 2101.79 1050.90 
Linear 1 2055.ll 2055.11 
Quadratic 1 46.68 46.68 
K 2 179.15 89.58 
Linear 1 20.25 20.25 
Quadratic 1 158.90 158.90 
B 1 54.oo 54.oo
PK 4 113.07 28.27
PB 2 112.53 56.26
KB 2 1.33 b.66
PKB 4 178.39 44.60 
Error 34 2.337.97 68.76 
* Significant at the 5% probability level.
Coefficient of variation = 8.47% 
Standard error of mean for Po, Pi, P2, Ko, K1, � = 1.9545 
Standard error of mean for Bo and B1 = 1.5959 
s1tandard error of me�· for all treatments ::- 4.7876 







Table 4. Multiple range test at the 5% level of treatmeni means of t,he 
yield of alfalfa hay on Port loam soil in the field e.xpe�ent, 1955.
Treatment means· ranked.
---
in oroer�of magnltude •. 
Check K2B K1B K2 K1 B P]_B P1 P1K2 P1K1 P2K2B P2B P2 P2K2 P1K2B P2K1B P1K1B 
.... �---�-���-��"'"'��������,�=����= =====--:::. :�====-
4098 4254 4261 4268 4360 4431 4474 ·4502 4524 4665 4800 4871 4892 �-892 
. - ---� =-....:0.--��-= 
a-:.:· �c� �i:· . : .. 
4914 5006 5027 
���=������������--�=-==�--==--��--� ==��- --��� -�-
-�� ====�== 
--==-�----�--------· �==�==· 
--,,.. ............. ----------�=-::==- � = 
=-=o.:r.:::a:.·�.=:� 
·--=====------==--�-=-·--·-=:.::r==·-�=
Any- two means not underscored by the same line are significar.i.tly different at the 5% level of significancec 






difference :i.n yields with application of the potassium treatment at the 
5 percent probability level. There was no significant interact-ion in 
the potassium vs. other fertilizer treatments. The yield from plots re-
ceiving the R:i_ P1 BMgS treatment., as shown by the Mul t:iple Range test., Table 
6, was significantly higher
., at the 5 percent level, than plots receiving 
the P2 and !IQ treatments. The thin stands of alfalfa on two replications 
of the P2, R2, R1PJ.Mg and R1F1 treated plots was believed to contribute 
to lower yields than would be expected. as a re9ult of the soil fertilit;y 
treatments. 
Greenhouse Eicpe.r:imerit 
Port loam. The results from chemical analyses of this soil, shown 
in Table 1 ., indicated a low supply of avail.able phosphorus., and nitrogen. 
The soil pH was much lower than that proposed by Bear (3) as being neces­
sary for opt:infum growth of this crop. The analyses indicated an adequate 
supply of exchangable'potassium in accordance with a critical level of 
this element., as proposed by Chandler, et.al. (8). 
Three cuttings of alfalfa hay were obtained from this soil in the 
greenhouse exper:iment and the dry weight yields are shown in Tables 7 ., 
27 ., 28 and 29. An analysis of variance, coefficient of variation and 
Multiple Range test are shown in Table 8. The highest average yield, 
11.37 grams, was obtained from the IS_P1 tre�ted pots and the lowest aver­
age yield, 8.67 grams., was obtained from the pots receiving K1Mn treat­
ment. The analysis of variance indicated a difference in yield due to 
fertilizer treatments., significant at the 1 percent level. The K1 P11i,
K1P1Mn and K1P1 treatments produced s:imilar yields but produced signif-
ieantly higher yields than did treatments K1Mx1., P1B �d B. Yield from
P1 treated pots was significantly higher than the yi�ld from the· KJ!1n 
Table .5. Effect of various soil fertility treatments on
yield of  alfalfa hay in  the field experiment, 
Waynesboro loam, Heavener, 19.5.5. 
Pounds of hay per acre at cutting date.*
Treatment** , 6/28 8/31 10/25 
Check 390 .563 40 
K 711 736 494 
p 514 533 178 
PiK 825 874 524p 336 291 0 
iK 578 929 .5.58 2 
�K
687 696 316 
998 874 568 
�K
346 306 94 
80.5 771 514
�;1K 
38.5 484 94 
825 889 504 
��B 351 558 227 
�g 835 864 464 415 385 99 
��K 904 1037 692 �PS 821 651 212 
!5:�SK 938 1062 627 
?$ 
825 741 301 
1BMgSK 1166 948 474 
* Yield figures are the mean of three replications.
'.Ht- Treatment symbols are: 
Check= no fertilizer 
K = 100 pounds KCl (60% K20) per acre P1 = 250 pounds super phosphate (20% P205) per acre 
P2 = 500 pounds super phosphate (20% P2o2) per acre 
RJ.. • 750 pounds rock phosphate (33% total P20�) per acre 
� = 1�00 pounds rock phosnhate (33% total P2D.5 ) per acreB • 40 pounds borax (11.3� B) per acre 
Mg = 400 pounds magnesium sulfate (9.87% Mg) pet acre 
























Table 6. Summary of ana.�sis of variancer, coefficient of variatio�, standard error of 
mean and Multiple Range test for alfalf
1 
h�y yield: field expar:unent: 
Waynesboro loam , l ,i
�.,-'ln.a[ysis of Varianc�
�==�==--�=�
Source df. �- E F 































-�------=- ::-�--=--�·�=- ��-�---�-r-=.---=---==-==-'::::,:,r;-- � 
* Significant a.t the 1 percen� probability leveL
Coefficient of variatj,.on � ,32 5 94 % 




1'reatment means rank"ed in orcier of magnitude�� 
� = - �  
P2 R2 R1PJ. R1PJ. R1P1 P]. R1P1 R1 R1P]. P2 R2 R1P1 R1PJ. P1 R1· R1P1 R1P1 R1P1 
Mg Check B ·· S B�S K K _ . K BK K K K BMgSK SK . . MgK 
627 746 899 963 993 1136 122'5 1685 1699 1867 1941 2065 2089 2i63 2218 2223 2440 2588 2628 2633 
·������·=--��--��-�-���� �
Any two means not underscnred by the same line are significa.n� different at the 5% probabµity level. 
Any two means unde.rscored by the same line are not significan� different at the 5% probability level. 




treatment but similar to yieids f rom P1B and B treated pots. There was
no significant difference in yields due to treatment interaction. The 
rate of boron application used was ap�arently too high. A boron toxicity.,
which caused difficulty in getting plants established, was noticed on all 
boron treated pots after emer�nee anQ. until the first cutting was removed. 
This apparent toxicity was observed again after the third cutting was re-
moved. 
Chemical determinations o:t the forage produced � fili� experiment in-
eluded percentages of nitrogen
., phosphorus and potassium. Results of these 
analyses are shown in Tables 9
., 
ll., and 13. 
The forage containing the highest percentage nitrogen., 3.72 percent.,
was produced on pots receiving the P1B treatment and the lowest content
. 
' 
of nitrogen, 3 .J3 percent, was found in the forage p:roduced on pot.s re-
ceiving K1P1s and K1P1BMnS treatments. The analysis of variance, Table 10.,
indicated there was no significant difference in nitrogen content due to 
fertilizer treatments. The second cutting produced hay significantly high­
er in nitrogen than did the first or' third cuttings. It is possible this 
could have been affected by serious infesi:;ations of insects prior to these 
two cuttings. 
Results of ph�sphorus determinations are presented in Table ll. .Anal­
ysis of variance ·and Multiple. Range test are shown in Table 12. Plants 
containing the lowest percentage phosphoru.s, .0945 percent, were grown on 
pots receiving the K1BMnS treatment., and the highest percentage, .1583 per­
cent, was obtained from I)_ 13 and P1 S treatments. The analysis of variance
indicated differences
., 
significant at the 1 per.cent leve:;i.., due to ,fertili}y 
tteatments ., and highly significant differences due to cuttings. The K1P1Mn
treatment was similar to the S treatment but significantly higher in phos­
phorus content than all other treatments not receiving the P1treatment. The 
Table 7. Effect of various soil fertility treatments on yield of alfalfa hay 
from three cuttings in the greenhouse experimenti Port loam, 1956.* 
CiittTug Dates 
Treatments** 3/12 4/7 5/12 
.Average Average Average 
Check 15 .. 6 13.7 13.8 14.,37 9.2 6 .. 7 6.,2 7.,37 7.5 · 6.5 7.,7 7.,23 
B 11.a 12.8 14.o 12.70 7.2 1.1 5.3 6.73 7.1 8.5 5.9 7.,17 
Mn 13.,2 1:,.9 15.4 14.83 '7e2 8.7 7.8 1.90 7.3 8.6 7 ., 2 7.70 
s J1.2 12.2 18.7 15 .. 03 6 .. 9 607 803 7.,30 6.9 1.0 8.8 7..5,7 
BMnS 13.2 1 2 4 ... . . 15.8 lJ.80 603 7.1 7 .. 1 6.83 7.6 7.2 8.6 7.80 
K1 11.7 13.,9 18 ., 9 14 .. 83 7o7 8 .. 5 8.,9 8.37 7.,9 7.9. 8 .. 2 a .. oo 
K1B 13 .  1 12.6 17.l 14.,27 7.9 6 .. 7 8.4 7.67 7.1 6 .. 6 8eO 7.,23 
K1Mn 11.2 10 .. 4 12.3 ll.30 a.3 6.7 6 .. 7 1.23 7.,6 1.0 7.8 7.,47 
K1S 14 .. o 15.4 14.2 14.53 9.3 7.9 8 .. 8 8.67 8.3 ,8e4 6 ., 8 7 .83 
K1BMnS 12.0 12 .. 9 15el 13.33 7.1 8.o 8.3 7.80 8.5 7.4 7 .. 6 7.,83 
P1 16.2 15 .. 3 17.2 16.23 8.4 1.0 8.1 7.83 6.7. 7.7 8 .,6 7.67 
�
11.6 12.4 12.3 12.10 7.6 7.9 7.3 7.60 6.9 B.5 4.8 6.73 
14.3 J.5.,2 15.o 14.50 8.6 1.3 B.o 7.97 7.2 7.1 8.,1 7.,47 
� 14.6 13.9 16.6 15.03 8.o 7�3 1.1 7.67 8.3 7.1 6.5 7.30 
P1BMnS 13.7 13.0 1.5.3 14.oo 8 ., 8 8 .. 1 8.h 8.50 7.,9 9.3 7.6 8.27 
K P- 15.l 13.7., 17.9 15.57 ll.5 8.6 8.,8 9.,63 10�1 B.q 8.6 8.90 
Ki?iB J,4.6 14.1 18.4 15.70 8.7 8.4 8.5 8.53 8._.5 8.,7 7.3 8.17 
K1P1Mn .!J.o 16.o 16.7 15.23 8.2 a.3 8.9 8.47 a.o 7.9 ll.l 9.,00 
K1PJ.S 16.9 14.o 12.6 14.50 9.0 8.,8 6.9 8.23 7.,8 8.5 6.3 7.53 
K1P1BMnS 16.6 12.6 17.4 15.53 9.6 6.a· 1.1 a.03 9.7 6.8 7 •. 8 a.10
·--... 
* Yields are in grams dry weight.
iH!- See Table 23 for details of soil fertility treatments.
.. ' 
., 
Table 8. Summary of analysis of variance, coefficient of variation� standard error of treatment 





?eplica tions 2 
'l'rt. X cuttings 38 
Errc!>.r 118 
* Significant at the 5% level.
** Significant at the 1% level.







204.09 1 .7296 
Coefficient of variation g 13. 12% 
Standard error of treatment mean = .43838 






Treatment means ranked in order of magnitude. i 
K p1 K1 K1 P1 P1 K1P1 P1 K1 K1 K1P1 P1 K1P1 K1P1 K1P1 Mn B B BMnS Check BMnS B S S Mn . S Mn BMnS S , BMnS B Mn 
-
8.67 8.81 8.87 9.48 9.66 9.66 9.72 9.97 10.00 10.09 10.09 10.14 10.26 10.34 10.40 10.56 10.57 10.80 10.90 11.37 
Any two means not underscored by the same line are significantly different at the 1% probability level. 




Multiple Rar).ge test indicated K1 treatment ha.d a depressin.g effect., al-
though not significant at the 1 percent level, on phosphorus content of 
' ·  
plants not receiving the P1 treatment but did not effect the phosphorus
content of plants receiving phosphorus in the treatment. Application of 
phospp.orus had the greatest influence ., of the fertility treatments ., on 
the uptake of phosphorus by the plant ., in accordance with results obtained 
by Dennis and Chesnin ( 10) • 
Potassium content of the plant materials was determined and results 
are presente d in Table 13. Ana�sis of variance ., coefficient of variation 
·· and Multiple Range test are shown in Table 14. The lowest content of
potassium, 1.89 percent., was obtained from plants receiving P1Mn treatment.
The highest content, 3.55 percent potassium., was obtained on pots receiving
K BMnS treatment. The analysis of variance showed a significant difference
in potassium content of plants, at the 1 percent level, due to treatments
and also due to cuttings. The coefficient of variation was 7.84 percent.
There was a difference, significant at the 1 percent level., in the potas-
sium content of plants due to the potassium �reatment. There was no sig­
nificant d:i.ff erence between treatments rece:Lving potassium. The potassium
content of plants receiving the P1Mri treatment was signif�cantly lower than
that of the plants receiv.i.ng the following t:r:eatments� Check (no .fertjJ iz­
er), B., and Mn., but wer(:} similar to all others not reooiving potassium.
The· Multiple Range test :indicated phospho.ru..B applications tended to reduce
the up-take -0f potassium by the plants grown in pots not receiving potassium,
although this difference was not significant at the 1 percent level.
Waynesboro loam. Analyses of -this soil., shown in Table 1
1 
indicated 
it was low in available phosphorus and organic matter. �changable potas-
sium content of this soil was adequate for alfalfa. production., according 
Table 9. Effect of various soil fertility treatments on the P")rcent 
nitrogen content of three successive cuttings of alfalfa 
hay in the greenhouse experiment, Port loam, 1956.* 
Date of Cutting 
Treatment 3L12 4L1 5L12 Avera�e 
Check 3.44 3.78 3.50 3.57 
B 3.68 J.80 3.40 3.6) 
Mn 3.36 3.88 3.14 3.46 
s 3.24 3.74 3.30 3.43 
BMnS 3.50 3.77 3.14 3.47 
Kl 3.18 3.74 3.34 3.42 
K1B 3.14 3.68 3.32 3.38 
K1Mn 3.17 3.70 3.14 3.34 
K1S 3.48 J. 74 3.12 3.45 
K1BMnS 3.18 3.58 3.26 3.34 
P1 3.04 3.80 3.52 3.45 
P1B 3.76 4.04 3.36 3.72 
p Mn 1 3.40 4.04 3 .. 40 3.61 
PS 1 3.70 3.64 3.32 3.55 
P1BMnS 3.72 3.48 3.34 J.51
K1P1 
3.34 3.52 J.28 3.51
�P1B 3.26 3.89 3.60 3.58
K1P1Mn 3.38 3.48 3.34 3.40 
K1PJ.S 3.22 3.50 3.26 3.33 
K1P1BMnS 3.36 3.44 3.18 3.33 
* Each figure represents the mean of duplicate analyses on forage sam-
ples obtained by combining plant materials from three replicate pots
receiving the same fertility treatments. See Table 23 for details of 
soj]_ fertility treatment. 
Table ·10. Summary of analysis �f varia�oe1 coefficient of variation, 
and' standard error of trea1ment mean for nitrogen content of al.f'al.!a 















** S�nificant at the 1% level.. . . 
Coefficient of variation • l6.79% 
Standard error of trea 1ment mean = • 097 
F 
30 
Table ll. Effect of various soil fertility treatments on the percent 
phosphorus content of three successive cuttings of alfalfa 
hay in the gre�nhouse experiment, Port loam, 1956.* 
Date of Cutting 
Treatment JL12 4L1 5L12 Avera�e 
Check .0935 .1290 .lll5 .lll3 
B .0995 .1520 .1250 .1255 
Mn .1070 .1455 .1250 .1258 
s .1100 .1500 .1290 .1297 
BMnS .1070 �1420 .1160 .1217 
K1 .0965 .1250 .1100 .1105 
K1B .0965 .1315 .0995 .1092 
K1Mn - .0995 .1190 .1010 .1065 
is_s .1040, -· .1290 .1085 .1138 
K1BMnS .0845 .1010 .0980 .0945 
P:i. .1350 .1795 .1530 .1558 
P1B .1500 .1710 .1540 .1�83 
P1Mn .1205 .1680 .1580 .l.488 
P1S .1410 .1780 .1560 .1583 
P1BMnS .1430 .1780 .1480 .1563 
K1P .1520 .1680 .l.420 .1540 
K1P1B .1410 .1625 .1380 .1472 
KiP1Mn .1250 .1680 .1395 .1442 
K1P1S .1395 .1680 .1350 .1475 
K1P1BMnS .1395 .1625 .1420 .1480 
* Eaeh figure represents the mean of duplicate analyses of forage sam-
ples obtained by combining plant materials grown in the three replicate
pots receiving the same fertility treatments. See Table 23 for details
of soil fertility treatments.
Table 12. Summary of analysis of variance, coefficient of variation, standard error of the mean 





















** Significant at the 1% level • 
. , 
Coefficient of variation = 5.23% 
Standard error of treabnent mean• .00402 
Multiple Range test 




Ki K1 K1 K1 K1 . . K1 P1 K1 P1 K1P1 K1P1 P1 K1 P1 P1 P1 P1 ��l 
BMnS tin B Check $ BMnS B Mn S , Mn . _B .. . S BMnS 1'hl , .. BMnS B S 
·.0945 .1065 .1092 .1105 ;1u3 .ri38 �1217 .1255 .1258 .1297 .J.442 .1472 .147f -.1486 .l.488 .1540 .1558 .1563 .1583 .1583
.Any two means not underscored by the same line are significantly different at the 1% probability level. 
Any two means underscored by the same line are not significantly different at the 1% probability level. \.,J 
.... 
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Table 13. Effect of various soil fertility treatments on the percent 
potassium content of three successive cuttings of alfalfa 
hay in the greenhouse experiment, Port loam, 1956.* 
Date of Cutting 
Treaiment 3L12 4L1 5L12 Avera�e 
Check 2.29 2.90 2.16 2.45 
B 2.70 2.87 2.12 2.56 
Mn 2.32 2.92 2.46 2.57 
s 2.25 2.67 1.95 2.29 
.BMnS 3.32 3.51 2. 77 3��2 
1S. 3.10 3. 76 3.17 3�'!'34 
-. 
K1B 3.17 3.29 3.37 3.49
K1Mn 2.94 3.44 3.29 3.22
KS1 3.19 3.10 3.31 3.42
!1BMnS 3.42 3.81 3.42 3.55
pl 2.60 2.27 1.63 2.11
P1B 2.60 2.37 1.93 2 • .30
P1Mri 2.04 1.92 1.11 1.89
P1S 2.23 2.20 1.10 2.o4
P1BMnS 2.48 2.46 1.60 2.18
K1P1 3.00 3.27 J.oo 3.09
K1P1B 3.31 3.60 3.27 3.41
K1P1Mn 3.15 3.89 3.32 3.45
K1P1S 3.12 3.47 3.05 3.2;i.
K1P1BMnS 3.17 3.80 3.20 3.39
* Each figure represents the mean of duplicate analyses on forage sam-
ples obtained qy combining plant materials from three replicate pots
receiving the same fertility treatment. See Table 23 for details of 
soil fertility treatments. 
Table J.li.. Summary of analysis of variance., coefficient of variation., standard error of treatment 
mean and Multiple Range test for potassil.llll content of alfalfa hay., greenhouse experiment., 
Port loam 
ArialysisorVariance 
Source df SS MS F 
Total 59 22�6267 
Treatments 19 18.3526 .9659 19.318** 
Cuttings 2 2�3678 1.1839 23.678** 
Error 38 1.9063 .o5 
** Significant at the 1% P level. 
Coefficient of variation = 7.84% 
Standard -error of treatment mean = . 1292 
Multiple Range test 
Treatment means ranked in order of �griitude. 
P1� · �� P1 Pi P1 P1 . K1 P1 K1 P1 K1 . . . K1 K1 P1 Kfi K1 K1 P1 K1 K1 
Mn S BNnS S � Check 13 Mn • . S_, BMnS Mn BMnS B . S . Mn . B BMiiS 
. . 
1 .89 2.04 2. 17 2.18 2.29 2.30 2.45 2.56 2.57 3.09 3.21 3.22 3.22 3.34 3.39 3.41 3,42 3.45 J.49 J.55
Arr:! two means not underscored by the same line-are significantly different at the l% probability level • 





to a erit;cal,;level:of·,.this element proposed by .ChlUldlerf e.t �l'f: .(6h:,-
The �a.�tion indicated ·-a pH. t,avorable for alfalfa production as explained . 
by Scmnehl,,:et al, (42} and Bear (3). 
Three cuttings of alfalf'a were harve-S"te-d from this soil � the green­
house exper:iment. Yields a� presented in Tables 15, 30� 31 and 32:. Anah, 
! 
ysis of variance and Multiple Range test are shown in Table 16. '!he lowest 
average yield, 7 .50 grams, was obtained from pots receiving BMnS treatment 
( \ 
and the highest average yield, ll.ll grams. was obtained from pots reveiv-
ing K1P1S treatment. The treatments containing boron proved to be toxic 
\ 
as indicated by yields and toxicity symptoms. The analysis of variance 
indicated a difference, at the 1 percent level, in yiel ds due to fertility 
. . _ r . 
treatments. Yield from the K1P1S treated pots was significantly higher 
than yields from all boron treated pots and also the pots receiving eheck 
(no treatment), and�. treatments. Yield from the Mn t�atment, 9.28 grams, 
. ... 
was significantJ.y higher than the yields fran BMnS and B treatments, and 
I 
significantly lower than the yield from K1P1S treated pots but was similar 
to all other yields, obtained from this soil, in the greenhouse experiment, 
The yield from the pots receiving the check (no treatment) was <Significantly 
I . 
lower than the yield f'.rqm K1P1S treated pots b'q.t was s:imilar to the yield
from other treatments on this soil. . " 
Results from the'chemical detenninations for nitrogen, phosphorus and 
potassitm1 contents of plants grown on this · soil are presented in Tables 17, 
19 and 21 respective'.cy. 
Analysis of variance, Table 18 1 indicated there was no difference be• .. 
tween nitrogen contents of the forage due to fertility treatments. Highest 
percentage nitrogen content, 3.65 percent, was obtainedJ from alfalfa re
::-
. 
ceiving the B treatment. Lowest percentage nitrogen content, 3.18 percent, 
Table 15. Effect of various soil fertility treatments on yield of alfalfa hay 





















10.5 9.2 12.3 
14.3 11.3 15.2 
13.3 1.4.5 15.9 
9.2 9.6 11.2 
11 .. 6 12.8 16.1 
9.4 14.3 10.6 
13.6 14.2 13.7 
10.9 13 .. 1 -13. 7
11.2 13.1 10.9 
J.3.5 -16.7 16.5
13.1 6.8 12.9 
14.1 13.2 17.5 
13.5 14.5 15.o 
12.3 13.7 11.0 
13.0 11.1 16.0 
11.1 11.3 13.3 
14.8 ll.5 15.2
14.o 15.9 15.4 
12.0 12.3 13.7 




13.13 7.5 6.3 1.1 
10.67 6.o 5.1 7.2
13.60 6.1 1.3 8.3 
14.57 7.9 7.5 1.1 
10.00 5.3 5.7 7.6 
13.50 8.6 1.5 9.7 
11.43 8.5 8.3 7.1 
13.83 9.8 8.3 9.2 
12.57 7.8 8.7 7.6 
11.73 1.9 6.8 9.3 
15.57 1.1 1.2 9.1 
10.97 7.4 4.7 7.6
14.93 6.7 8.o 9.1
14.33 7.5 7.3 8.9 
12.33 6.6 3.6 6.7 
13.33 9.1 7.6 10.2 
12.10 1.0 5.1 7.1 
13.83 a.o 1.0 9.2
15�10 10.0 10.2 9.l 12.60 8.6 6.7 8 •. 
** See Table 23 for details of soil fertility treatments.
5L12 
Average
1.11 6.8 1.3 1.1 
6.10 6.4 6.o 6.o
7.23 6.4 1.1 7.5 
1.10 6.8 6.9 5.9 
6.20 5.6 6.5 6.8 
8.60 1.1 7.2 7.9 
7.91 7.4 8.7 1.0 
9.10 8.8 1.6 7.6 
8.03 8.9 9.2 7.5 
8.oo 7.4 7.1 7.0 
8.oo 6.2 7.0 1.2 
6.51 7.1 5.1 6.3 
7.93 1.2 8.5 6.3 
1.90 6.8 8.1 6.5 
5.63 6.4 5.4 4.9 
8.97 9.4 8.2 8.2 
6.60 8.7 1.2 1.2 
8.07 8.3 1.5 7.0 
9.91 1.l
8.7 8.4 






















'l'f.lole 16. Summary of analysis of variance, coefficient of variation, standard error of treatment 
mean and Multiple Range test for alfalfa hay yi.elds, greenhouse expedment, Waynesboro loam. 
Treatment means ranked 
I)_ P1
BMnS B BMnS J3 
Analysis of Variance 
Source elf SS MS 
Total 179 1681.69 
Treatments 19 165.27 8.698 
Cuttings 2 1248.42 624.21 
Replications 2 22.21 ll.105 
Trt. X Cuttings 38 76.48 2.013
Error __ 118 169.31 1.435
** Significant at the 1% level. 
Coefficient of variation = 12.91.% 
Standard error of treatment mean = .3993 
Multiple Range test 
in order or.magnitude. 
K1P1 K1 K1 K1P1 K1 P1 K1P1 









pl K1P1 K1 KSP1Mn 
7.50 7.63 7.84 7.89 B.Bo 8.97 9.03 9.10 9.1 2  9.28 9.60 9.71 9.79 9.83 9.90 10.07 10.12 10.3110.3111.11 
Any two means not underscored by the same line are significantly different at the 1% probability level. 




was obtained from plants receivingr.the K1P1S treatment� Th.is is not in 
agreement-with results obtained by other workers (10) concern.i1�:,, tr.a in-
fluence of phosphorus on the uptake of nitrogen by alfalfa� 
Re.sul ts from phosphorus determinations of alfalfa grown oz: ths �f.a;,"!1.: ·-
boro loam in the greenhouse experiment are shown in Table 19� Analysis 
of variance., coeff icient of variatio n and Multiple Range test are shown 
in Table 20. The plant materials contain:i.rig the lowest percentage phos-
phorus., .0910 percent., received the K1BMnS treatment and the highest per­
centage phosphorus., .1320 percent., was contained in plants reoeiv:ing P1B
treatment. This agrees with results obtained from Port loam soil in the 
experiment. Analysis of variance indicated �ifferences ., significant at 
the l percent level, in phosphorus co ntent .of the forage due to treatments 
and cuttings. Difference due to cuttings mey be exprained by heavy infes-
tations of insects before the first cutting and prior to the third eutting. 
Potassium combined with the various trace element treatments reduced the 
phosphorus cohtent in the plants. The Multiple Range test indicated potas-
sium alone and with phosphorus treatments depressed phosphorus content al-
though this was not s ignifica.nt. Applica tiori. of phosphorus exerted i":Jle 
greatest influence on_the content of this element in alfalfa in accordance 
with results obtained by Hunter (22). 
./ 
·Results of potassium determination on alfalfa grown on Weynesboro
loam in the greenhouse are presented in Table 21 • .Analysis of variance, 
coefficient of variation and Multiple Range test are shown in Table 22. 
-. . 
> 
Analysis of variance :indicated a significant :difference, at the 1 percent 
. .
level, in the potassium content of the plants due to soil fertility' treat­
ments. The lowest average content of potassium, 1.38 percent, was obtained 
on the P1 treated pots. Highest average percentage -potassium, 3.47 pereent,
38 
Table 17. Effect of various soil fertility treatments on the p3�cent 
nitrogen content of three successive cuttings of alfalfa b:,;.,r 



















































































* Each figure represents the mean of duplicate analyses on forage sam­
ples obtained by combining plant materials from three replicate pots 
receiving the same fertility treatment. See Table 23 for details of 
soil fertility treatment. 
39 
Table 18. Sum,.'Uar,y of analysis of varian�e., coefficient of variation, 
and standard error of treatment mean for nitrogen content of alfalfa 


















Coefficient of variation = 7 .29% 
Standard error of treatment mean = .1424 
40 
Table 19. Effect of various soil fertility tre�tments on the pE:rcen i.; 
phosphorus content of three successive cuttings of alfalfa 
hay in the greenhouse experiment, Waynesboro loam, 1956�* 
Date of Cutting 
Treatment 3L12 4L1 5L12 k.re:ra�e 
Check .0905 .1235 .ll45 .1�)5 
B .0830 .1290 .0950 .1023 
Mn .0845 .1235 .noo .1060 
s .0800 .1320 .1040 .1053 
BMnS .0815 .ll90 .0995 .1000 
KJ. .0970 .1070 .0950 .0997 
K1B .0830 .1055 .0875 �0920 
K1Mn .0920 .1070 .0935 .0975 
K1S �0950 .1100 .0900 .0983 
K1BMnS .0890 .1010 .0830 .09.10 
Pi. .1040 .1500 .1320 .1287 
PJ.B .116() .1510 .1290 .13,20 
Pj_Mn .lll.5 .1480 .1305 .1300 
P1S .1100 .1395 .1290 .126.2 
P1BMnS .1070 .1360 .1190 .1207 
K1PJ. .1010 .ll90 .1010 .1070 
K1P.J.B .1070 .1250 .. ll60 .1160 
K1PJ.Mn .1010 .1205 .0965 .1060 
KJ!1S .0890 .1190 .0950 .1010 
K1PJ.BMnS .0815 .1070 .0935 .0960 
* Each figure rep:t-esents the mean of duplicate analyses of forage sam-
ples obtained by combining plant materials grown in three replicate
pots receiving the same fertility treatments. See Table 23 for details
of soil fertility treatments.
Ta·rl<': 20. Summary of analysis of variance, coefficient of variation.11 standard error of treatment 
;,g�.m and Multiple Range test for phosphorus content of alfalfa hay, greenhouse experiment, 
Waynesboro loam 
AriaTysis of Variance 
Source df SS MS F 
Total 59 .01961 
Treatments 19 .00952 .000501 9.824** 
Uuttings 2 .00815 .004075 79.90** 
Error 38 .00194 0000051 
** Significant at the 1% level. 
Coefficient of variation = 6.59% 
Standard error of treatment mean c .00412 
Multiple Range test 
Treatment means ranked in order of magnitude. 
K1 ��Kl -K1PJ. K1 K1 K1 K1PJ. K1P1 K1P:i. K1PJ. �pl 









·.0910 .• 0920 ·.0960 .0975 .0983 .0997 ·.1000 .1010 .1023 .1053 .1060 .1060 .1070 .1095 .1160 ·.1207 .1262 .1287 01300 .1320
Any two means not underscored by the same line are significantly different at the 1% probability level. 
!!,ny two means underscored by the same line are not significantly different at the 1% probability level. � 
was obtained from plants receiving the IS_P1B treatment. The Multiple
Range test shows a significant difference in content of potassium in 
plants between treatments containing Ki and those receiving no po tassium 
in the treatment. There was no significant dµ'ference in potassium con-
tent of forage produced on pots receiving no potassium in the treailnents. 
Addition of potassium was the o� factor which significantly influenced 
the uptake of this elemen t by alfalfa grown on this soil. 
The means of three replications from three cuttings OIJ. both soils 
are presented in Table 23. Analy'sis of variance and Multiple Range test 
for the two soils combined are presented in Table 24. The analysis of 
variance indicated differenca-s, �t the l percent level, in yield, due to 
treatlllents, soils, and the interacti(!)fl (treatments I soils�. Yields from 
the Port loam were significantly higher than yields from Waynesboro loam. 
The lowest mean yield of the two soils combined, was obtained from the 
pots receiving B treatlllent and the highest mean yield was ob't,q.ined from 
the pots receiving K1P1 treatment. 
.. 
Table 21. Effect of various soil fertility treatments on the percent 
potassium content of three succe
s
sive cuttings of al.f'aJ..!a 













































































* Each figure �presents the mean of duplicate analyses on forage sam�
ples obtained by combirung plant materials from three replicate pots
receiving the same fertility treatments. See Table'23 for details of
soil fertilit:y treatments.
Ta:ble 22. Summary of analys is--of variance ., coefficien t o.f variation, standard error of treatment mean, 
and Multiple Range test for potassium content of alfalfa. hay, greenhouse experiment, 







Analys is of Variance 
SS MS 
55.6920 
46.0213 2 .. 4222 
1.1808 3.5904 
2.4899 .0655 
**·Significant at the 1% level. 
Coefficien t of variation 10.52% 
Standard error of treatment mean = .1477 




Treatmen t means ranked in order�! ma�g�n�i�t�u�d�ei•----------------�--------.......,,-----......... ----=--------
PJ.. .Pl. P1 � ��- --- P1 _ P1 . _ K1P1 K1PJ. K1P1 K1P1 K1 � � K1 K1 K1 K1Pi 
Mn � Mn BMnS S- !3 . Check B BMnS . . . Mil BMnS S 
. 
Mn·' S BMnS B B 
. . - . . 1-· . 
1.38 1.·43 1:45 1.48 1 • .53 1 • .53 1.58 1.67 1. 77 1.80 3.13 3.14 3.15 3.24 3.29 3.34 3.36 3.36 3.42 3.47 
\ 
.Ai:zy' two· means not underscored by the same line are significahtly different at the 1% probability level. 
Any two means underscored by the same line are not significantly different, at the 1% probability level. 
t= 
4, 
Table 23. Effect of various soil fertility treatments on 
yield of alfalfa hay in the greenhouse experiment, 
Port loam and Waynesboro loam, 1956.* 
Port loam Waynesboro loam 
Date of cutting 
Treatment-� 3L12 4L7 5{l2 
Date of cutting 
Total 3L12 4L1 5L12 Total 
Check 14.37 7.37 7.23 28.97 13.13 7.17 1.07 27.37 
B 12.70 6.73 7.17 26.60 10.67 6.10 6.13 22.90 
Mn 14.83 1.90 1.10 30.43 13.60 7.23 1.00 27.83 
s 15.03 7.30 7.57 29.90 14.57 7.70 6.53 28.80 
BMnS 13.80 6.83 7.80 28.43 10.00 6.20 6.30 22.50 
K1 14.83 8.37 8.oo 31.20 13.50 8.60 7.60 29.70 
K1B 14.27 7.67 7.23 29.17 n.43 7.97 7.70 27.10
K1Mn ll.30 7.23 7.47 26.00 13.83 9.10 8.oo 30.93�s 14.53 · 8.67 7.83 31.03 12.57 8.03 8.53 29.13 
1BMnS 13.33 7.80 7.83 28.96 ll.73 8.00 1.11 26.90
p 16.23 7.83 7.67 31.73 15.57 8.oo 6.80 30.37
!'iB 12.10 7.60 6.73 26.43 10.9,7 6.57 6.17 23 .. 71 
P1Mn 14.50 7.97 7.47 29.94 14.93 1.93 7.33 30.19 P1S 15.03 7.67 1.30 30.00 14.33 7.90 7 .. 13 29.36 
P1BMnS 14.oo 8.5o 8.27 30.77 12.33 5.63 5.51 23.53 
�pl 15.57 9.63 8.90 34.10 13.33 8.97 8.60 30.90 
1P1B 15.70 8:53 8.17 32.40 12.10 6.60 1.10 26.40 
K1P1Mn 15.23 8.47 9.00 32.70 13.83 8.07 7.60 29.50 
KP S �.50 .8�23 7.53 30.26 15.10 9.97 8.27 33.34 IS:PiBMnS 1 .53 8.03 8.10 31.66 12.60 1.90 6.73 27.23 
* Each figure represents in grams, the mean of three replicate pots
each receiving the same fertility treatment.
** Treatment symbols are as follows: 
Check= no fertilizer
B = 5o pounds boron/acre as Boric Acid C.P. 
Mn = 50 pounds manganese/acre as Manganese Sulfate C.P. 
s = 100 pounds sulfur/acre as Flowers of Sulfur 
Kl = 200 pounds K2o/acre as Pota$sium Chloride C.P. 
pl = 400 pounds P2o,Jacre as Mono-Calcium Phosphate C.P.� 
Table 24. Summary of analysis of variance, coefficient of variation, standard 
error of treatment mean ahd Multiple Range test for alfalfa hay yields, 
greenhouse exp.er:iment, Port loam and Waynesboro loam. 
Analysis of Variance 
Source df SS MS 
Total-- 359 3799.88 
Treatments 19 145.07 7.635 
Soils 1 . 18.14 18.14 
Cuttings 2 2946.71 1473.355 
1trt� X Soils 19 136.92- 7.206 
'rrt. � 2uttings 38 116.58 3.068 
Ji:r!'or __ 280 436.46 1.6 
** S:i.gnificant at the 1% level. 
Treatment means ranked in order of magnitude. 
P1 P1 K1 K1 K1ff B BMnS BMnS BMriS B Check Mn
Coefficient of variation = 13.07% 
Standard error of treatment mean = • 2981 
Mn s 












K1 P1 K�1 KSP1 K1
P1
-8.25 8.35 8.49 9.05 9.31 9.38 9.39 9.49 9.11 9.78 9.8p 9.83 9.89 10.03 10.08 10.15 10.35 10.37 10.60 10.84
Any two means not 'underscored by the same -line are significantly different at the 1% probability level.  
k.1y two means up.derscored by the same line-are not significantly different at the 1% probability level. 
g: 
VI SUMMARY AND CONCLUSIONS 
The objectiv� of this study was to determine effects of various 
soil fertility treatments on yield and compostion of alfalfa grown on 
two contrasting soil types. Field exper:iments,wex� conducted at two 
locations, one near Stillwater, Oklahoma,r. on Port .loam.and' one.:.at the 
Southeastern Oklahoma Soil Improvement Station on Waynesboro loam. 
Greenhouse studies with these two soils were conducted at Stillwater e 
Fertility treatments used in this study included different rates 
of phosphorus and potassium fertilizers and applications of various trace 
elements including boron, manganese and sulfur. Magnesium was included 
as a variable in the field expe r:i.ment on Waynesboro loam and -manganese 
was not included as a treatment in that experiment. 
Three alfalfa hay cuttings from each of the field experiments were 
obtained in 1955. ".Ihree cuttings were obtained from the .greenhous� ex­
periment in 1956. 
,Results from the field experiments may be summarized as follows: 
11. There was a signif:i.cant linear response to the three rates-· of
·phosphorus fertilizer on Port loam •
. 2. A quadratic response to the three rates of potassium fertiliza­
tion was indicated, on the Port loam, but was not significant 
at the 5 percent probability level. 
3. There was no significant interaction between the various fertil­
ity treatme11ts :including boron, on the Port loam soil.
47 
4. Applications 0£ potassium signi:fioant�v increased yield. of
alfa1fa hay on Waynesboro loam.
48 
5. On W�esboro loam. there was no significant difference _in y:i.eld.
affected by interaction of potassium and other i'ertiJ.faer t�at-
ments.
Results from the ·gre�nhpuse experiment may be summarized as follows: 
1. The highest yields on Port loam we:te from pots receiving 200
pounds K20 per acre as KCl and 400 pounds P205,- per acre as
Ca.(H2Po))2_\H 2o. Tb.is treatment plus 100 pounds sul:f'ur ( Pi.IS. S)
gave the highest Yields on the Waynesboro loam.
2.. Fifty pounds of boron per ·acre, a.pplied as H3B04, were. a.ppar• 
ently toxic on both soils. 
3. Fertility tre�tments d:id not significant],37 influence nitrogen
content of alfalfa 'grown "on either �f._ the so.ils.
4. Applications of' phosphorus resulted in a significant increase
. .  . 
in uptake of this element by alfalfa grown on both soils.·· 
5. · Plant mat�rial from pots· receiving 200 pounds K2o,. 400 pound.E{
P205 and 50 pounds Mn per acre, on �ort loam, had· a phosphorus
content similar to plants from pots receiving loo pounclli sulfur 
per acre but signi:f.'ieantly higher than all other plant material 
not receiving- pho�phorq.s fertilfaer, 
6. Potassium combined with the trace elements tended to redl.uce the
phos�horus content o.f alfali'a on 'Waynesboro loam. ·potassium
did not effect phosphorus content of alfalfa receiving phosphorus
in the tr,ea �ent · ·on th� Po:rt loam but tended to :r�dhce the phos­
phorus content of pl�ts :qot receiving phosphorus in the fertility
treatment.
49 
7. Applicati"ons of potassium resulted m a higher con-t;.ent of this
e1:.ement in alfalfa grow on both soils.
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Figure 1. General view of the alfalfa fertility pot experi-
ment in the greenhouse. 
Figure 2. Growth of alfalfa- at three weeksJ> as affected by
soil; (A) Waynesboro loam, and (B) Port loam. 
Both pots received 400 lbs. P205, 50 lbs. boron, 




Growth of alfalfa on Waynesboro loam, at two 
weeks as affe;cted b;y �otassium treatment; (A) 
vithout potassium, {B) 200 lbs. K2o/A. Both
pots received 400 lbs. P205 and 50 lbs. B/A. 
Growth of alfalfa on .. Waynesboro loam, at two 
weeks, as affected by �hosphorw;i tre�trnent; (A) 
without phosph:ours, (B) 400 lbe. P 'iJs/ A. Both 























The effect of various soil fertility treatments on yield of alfalfa hay
in the field experiment, Port loam, Thomas farm, 
Stillwater, Oklahoma, 1955.
- Pounds of hay per acre by replication at cutting date.
6/10 7/11+ 
-
2 3 1 2 3 1 
2425 2042 1638 -1595 1234 659 
2254 2212 1574 1701 J.146 766 
2127 1999 1850 1978 1446 1021 
2382 2127 1701 1616 1655 723 
2254 2212 1765 1616 1701 872 
1911+ 2510 1911+ 1744 1872 1021
2254 2169 J.189 1531 11+04 851
2339 2297 1744 1446 J.189 829 
2127 2382 1808 1872 1680 1021 
2467 1999 1786 J.189 J.510 723
1957 1911+ 1978 1574 1319 936 
2339 2084 2042 1829 1361 1106 
2084 21.69 1786 1361 1659 915
2339 2339 2169 1786 J.189 1000 
2467 2169 1935 1999 1659 978 
2084 2467 1680 1340 J.189 872 
2510 2339 1893 1574 i.57},i. 851 






























































R1fJL_ K 874 
R_l�J. S 1185 
Rj_ F:1. SK llll 
:R_i_ P1 BMgS 1245 
�hf1 B!'fg�K ]378 
. 
The effect of various soil fertility treatmen� on yield of alfalfa hay
in the field experiment; Waynesboro loam� Heavener, 
Oklahoma ., 1955. 
� . Pounds hay per acre by repiication at cutting date.
6/28__ 8/31 
2 3 1 2 3 
444 178 652 652 385 
948 578 800 933 474 
888 74 489 874 237 
1422 237 830 1304 489 
385 178 341 385 148 
622 148 1259 993 533 
830 756 593 711 785 
1141 9t3 t� 
889 830
133 3 1 237 207 
1008 519 845 845 622 
400 533 430 444 578 
Boo 1037 919 919 830 
459 119 889 533 252 
1037 430 1126 7-85 682 
563 400 356 342 459 
667 1170 1052 1126 933 
815 163 1067 593 297 
1200 564 1274 1215 696 
593 637 1141 519 563















































Table 27. Effect of various soil fertility treatments on
yield of alfalfa. hay in the greenhouse experiment, 
Por·t loain., March 12 ., 19 56. *
Trea't:ilnen t-41* Replication Mean II III 
. Check 15.6 13.7 13.B J.4.37 
B 11.3 12.B J.4.o 12.70 
Mn 13.2 15.9 15.4 14.83 
s J..4.2 12.2 18.7 JS.03 
K1 11.7 13.)1 18.9 14.83 
K1B 13.l 12.6 17.l Jli..27 
K1Mn u.2. 10.4 12.3 11 .  3,0 
K1S 14 0 II 1.5.4 14.2 ih.53 
Ki6MnS 12.0 12.9 15.1 13.�3
pl 16.2 15.3 11.2 16.23
P1B 11.6 12.4 12 • .3 12.10 
P1Mn lli.3 15.2 15.o 14.50 
PS 
r l4.6 13.9 16.6 15.03 
P BMnS l 13.7 13.0 15.3 l4.qo 
JS.Pl 15.l 13.7 17.9 15.57 
K1P1B 14.6 14.1 18.4 15.�o
K1P1Mn 13.0 16.0 16.7 15.23 
K1P1S 16.9 J..4.o 12.6 14.,o 
K1P1BMnS 16.6 12.6 17.4 15.53 
* Yields are in grams.
** See Table 23 for details of soil fertility treatment.s.
6o 
Table 28. Effect of various soil fertility tI'eatments on 
yield of alfalfa hay in the greenhouse experiment, 
Port loam, April 1 » 1956.·U· 
i.C!ean Replication 
Trea tments-iBt- I II III 
Cheek 9.2 6.7 6 ., 2 7.37 
B 7.2 1.1 5 • .3 6.73 
Mn 7.2 8.7 7.8 1.90 
s 6.9 6 .. 7 8 .. 3 7.30 
BMnS 6.3 7.1 7.,1 6.83 
Kl 7.7 8.5 8.9 8.37 
JS.B 7.9 6.7 8.4 7.67 
K1Mn 8.J 6.7 6.7 1.23 
kS 
l 9.3 7.9 8.8 8.6r 
K1BMnS 7.l 8.o a.3 7.80 
Pi 8.4 ·7�0 8.1 7.83 
P1B 7.6 7.9 7.3 7.60 
P1Mn 8.6 7.3 8.o 7.97 
P1S 8.o. 7.3 1 .. 1 7.67 
P BMnS1 8.8 8.1 8.6 8.5q 
K1.P1 11.5 8.6 8.8 9.63 
1S_P1B 8.7 8.4 8.5 8.53 
K1P1Mn a.2 8.3 8.,9 8.47 
K1P1S 9 •. o 8.8 6.,9 8.23 
K:i_P1BMnS 9.6 6.8 7.,7 8.03 
* Yields are in grams.
-11-1!- See Table 23 for details of soil fertility trea tments.
.. 61 
Table 29. Effect of various soil fertility treatments on 
yield of a.lf a.1.£a hay :in the greenhouse experiment, 
Port loam, May 12, 1956.* 
Replication Mean 
Treatment*  I II III 
Check 7.5 6.5 7.7 7.23 
B 7.1 B.5 .5.9 7.17 
Mn 7.3 8.6 1 .. 2 7.70 
s 6.9 7.0 8.,8 7.,57 
BMnS 7.6 7.2 8.6 7.,80 
IS. 7.9 7.9 8.2 8.oo
K1B 7,.1 6.6 a.o 1.23 
K Mn l 7.6 7.0 7.8 7.47, 
K1S 8.,3 8.4 6 .. 8 1.83 
K
1
BMnS 8.5 7.4 7.6 7.83 
P1 6.7 1.1 8.6 7.67, 
P1B 6.9 8.5 4.8 6.73 
P1Mn 1.2 1.1 8.1 7.47 
P1S 8.3 7.1 6.5 7.30 
P1BMnS 7.9 9.3 1.6 8.27 
K1P1 10.1 8.o 8.6 8.90 
K1P1B 8.5 8.7 7.3 8.17 
K1PJ.Mn a.o 7.9 11.1 9.00 
K1P1S 7�8 8.5 6.3 7.53 
K1P1BMnS 9.7 6 ., 8 7 .. 8 s.10
* Yields are in grams.
** See Table 23 for details of soil fertility treatments.
Table 30. Effect of various soil fertility treatments on 
yield of alfalfa hay in the greenhouse ex.perim.ents,
Waynesboro loam, March 12 $ 1956G* 
62 
Replica�-� Mean-
Trea tments{Hf I II III 
Check 13.l 11.7 J.
4
.6 13 .. 13 
B 10.5 9.,2 12.3 10.67 
Mn 14.3 lle3 15.2 13060 
s 13.3 14 .. 5 15 .. 9 Jli ... 57 
BMnS 9.2 9.6 11.2 10.00 
K1 11.6 12.s 16.1 13.50 
K1B 9.4 J.4o3 10.6 11.43 
y Mn1- 13.6 14o2 13.,7 13.83 
K1s 10.9 13.1 1,3. 7 12.57 
K1BMnS 11.2 J.J.1 10<1>9 11073 
P1 13.5 160? 16o5 15.57 
P1B 13ol 6 ,. 8 1209 10.,97 
P1Mn 14.l 13.2 17.5 14.93 
P1S 13.5 14.5 15.o 14.33 
P BMnS1 12.3 13 .. 7 11.0 12.,3.3 
K1P1 13.0 11o1 16.,0 13.33 
K1P1B 11.7 n .• 3 13.3 12.10 
K1P1Mn 14.8 11 .• 5 15.,2 lJ.83 
K1P1S 14.o 15.,9 15 .Li. 15'.10 
K1P1BMnS 12.0 12.,3 13 .. 7 12.60 
·- z---� ·�· --- -
* Yields are in grams.
�·H} See Table 23 for details of soil Iertility treatments.
I 
I 
Table 31. Effect of various soil fertility treatments on 
yield of alfalfa hay in the greenhouse experiment!,) 


































�� Yields are in grams. 
s.o




























Table 32. Effect of various soil fertility treatments on 
yield of alfalfa hay in the greenhouse experiment., 
Waynesboro loam., May 12, 1956,,%' 
�plication Mean 
Trea tments*lt- I II III 
. Check 6.8 7o3 7.1 1.01 
B 6.4 6.o 6.o 6.i.3
Mn 6.4 1.1 1.5 1.00 
s 6.8 6.9 5.9 6.53 
BMnS 5.6 6.5 6.8 6.30 
Kl 1.1 1.2 7o9 1.60 
K
1
B 7.4 8.7 1.0 7.70 
IS_Mn 8.8 7�6 7.6 a.oo
11_s 8�9 9.2 7.5 8.53" 
K1BMnS 7.4 7ol 1.0 7.17. 
pl 6.2 1.0 1.2 6.Bo
P1B 7.1 5.1 6.3 6.17 
P1Mn 1.2 8.5 6,,J 7033. 
P1s 6.8 8 ,,1 60? 1.13 
P1BMnS 6.4 5.4 4.9 5.51 
K1P1 9.4 a.2 8 ,, 2 8.60, 
K1P1B 84t7 7.2 7.2 1.10 
IS_P1Mn
··a.3 7�5 7.0 7.6� 
K1P1S 1.1 a.1 8.4 s.21
K1PJ.BMnS 6.4 7.5 6.J 6.73 
* Yields are :tn grams.
**' See· Table 23 ·:ror details of soil fertility :treatments.
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